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1. Introduction

High resolution protein fractionation techniques have been applied to in~
vestigate proteins/membrane proteins of purified P. knowlesi sch;zoﬁta and mem~
branes of normal and parasitized erythrocytes. Immunochemical analyses using
a rhesus monkey hyperimmune serum against P. knowlesi schizonts and bidimensional
IEF-DS-PAGE allowed us to identify several parasite-induced sroteins/glycopro-
teins of which at least three are unique for the membrane of Infected erythro-
cytes; the appérent molecular weights and iscelectric points of these components
are 55,000D/pI 4.5, 65,000D/pI 4.6, and 90,000D/pI 5.2 (1, 2).

Based on these results, our research was continued to amswer the following
questions:

(a) The nature of the proteins/glycoproteins; their partial or complete
origin cf the intracellular parasite.

(b) Subfractionation of schizonts (5-10 nuclei} after disruption by nitrogen
decompression to assign membrane proteins of the schizont and components of the
vacuclar membrane.

{e) The isolation of plasma membrane vesicles derived from parasitized-~ery-~
throcytes enriched in parasite-specific antigens.

{d) Immunogenicity of parasite-induced proteins/glycoproateins in vivo and
its correlation with a protective immunity. Variation of antigenicity in differen
straing and variants of P. knowlesi.

2. Procedures; Results and Discussion

T

2.1 Metabolic labeling of parasitized erythrocytes in viiro.

Metabolic labeling of erythrocyte membrane proteins/glycoproteins must be

Abbreviations: CIE- crossed immune electrophoresis; DS PAGE-dodecvl sulfate
polyacrylamide gel electrophoresis; IEF-isoelectric focusing;

pl ~ isocelectric point.
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mediated by the intracellular parasite because erythrocvtes lack any active meta-
bolism of their protein componments. Although the technique of metabolie labeling
we employed can by no means be considered optimal, we have obtained reproducible
data using short term cultures in a large scale.
2.1.1 Procedures

At a parasitemia of 30-507%, erythrocytes were harvestad at the early
schizont stage. The erythrocytes were washed thres times in Tulbecco's PBE an&
then freed of leukocytes and thrombeceytes using a2 Ficoll-Hypagque gradient (den-
sity 1.08) as in {1, 3). The erythrocytes have been suspended at a concentration
2 - 108 cells/ml in RPMI 1640 medium (4), 107 fetal calf serum adjusted to 3.0 g
glucose, 5 mg adenosine, 1.25 g glycylglycine, 15 mg ascorbic zcid, and D-Ca pan-
tothenate and biotin/1000 ml medium (5). The cells were cultured in Teflon bags
(Instrumentation Laboratory. Lexington, Mass) at 37°C in 3 humidified incubatorx

perfused with 10% CGZ’ a8z 02 and 827 NZ‘ {1qc]aminc acids, {L4CIglucosamine,

[laclgalactose and [14C]fucose were added tec a final concentration of S0 Ci/100

nl of medium and labeling was for 12~16 hrs. After cultivaticn, the cells were
washed three rimes in P¥S. Parasitized cells were isolated and disrupted by
nitrogen decouwpression as described in (1, 3). >
2.1.2 Results

During in vitro cultivation, the intracellular zarzsites exhibited a2

")
i

normal but delayed development to more mature schizonts (4-10 nuclei). Counts of
parasitized erythrocytes prior to and after 16 hr of culture mever yielded lysis
of more than 20% of the infected cells. Because we observed a very low degree
of reinfection the most probable reason for lysis was maturation of the schizonts
to yield merozoites.

Of the total IAC amino acids added to the medium 5-~15% (depending upon
the parasitemia) of the label was incorporated into protein. Less than 207 of the
radiocactivity was ra2covered in the membranes of infected cells, 757 and more was

associated with purified schizonts (Table 1). A substantiz.ly lower proportion
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tion of radioactive precursor was incorporated when the erythrocytes were cuvltured

[14

in presence of [lac]glucosamine (Table 1), [lac]galactose and Clfucoge. Despite

their different relative distribution in isolated infected membrane z2nd schizontsz.
Id

(Table 2) 0.5-2.0% of each of the 14C-monosaccharides was covalently fncorporsted.

into glycoproteins. Data presented in Table 2 indicated ﬁhat'glucosamine was
ianI?QR%téﬁ into the parasite to a larger exteat than into the erythrocyte membrane
wherea§ galactose and fucose was predominantly associated with the plaasma membrzne
of infectad erythrocytes.

Mhmbraﬁe préteins/glycoproteins of parasitized erythrocﬁtes netabolically

14C-amino acids and 14C-glucosamine are jidentified in Figures 1

labelled with
and 2. Selective labelling of both, the polypeptide and the carbohydrate moiety
of proteins Zocusing at pH 4.5.'pB:4.8, pE 5.6 and pH 5.2 13 shsgaerved (Fig. 1). ‘3
The apparent molecular weights of the pt&téins/glycopzoteins range fr;m QG,ObOD...-"
to 45,000D. In contrast, all proteins of thﬁ scﬁizoﬁt ars labelled é%th iaé—amino
acids; equally lac-glucosamine is incorporated into many componants with fzoelecti.
points between pH 6.5 and pH 4.0 and apparent molecular weights of 128,000 to _ _
20,000D. In additiom, our results suggest that metabolic labelling im combined

use with subce.:..ar fractionation can yield valuzble infecrmation abeut the inter—~

action between nost cell and parasite. This 1is indicated by a different extent
of label inccrporation into Zdentical components of the we cellular compartmwenta:
the pI 5.2 component was labeled in both the infected membrame and in the parasite.
However, :he‘Aegree of relative glycosylation (as determined by the ratic of TIGC]_
glucosamine/lac—amino acids) is substantially higher im the schizont. In contzaary,
the pl 4.5 component was labeled with [14C]glucosam1ne in the hosi—~cell membranes
but pot 4ia the paiasite.

Both, IEF and DS-PAGE reveal l“c-glucosamine in the lipid regiorm, f.c. meta-—
bolic labeling of glycolipids (peak at pI 3.8 in Fig. 1; label at the electro-

phoresis front in Fig. 2).




2;1.3 Discussion ™

[ Cultivation of P. knowlesi-infectad erythrocytes in a large scale {1000 celig
;(7 and more) initiated at the early schizont stage revealed a sufficiently synchroélzed
|

paturation to schizonts with 4-10 nuciei. As a result, we obtalned a highly re-

producible qualitative and quantitative labeling pattern in purified parasites

1

14C-amino acids and 4C-m.onosac.charides as

and isolated infected membranes using
precursors. In contrast, we had observed a rapid desynchronization when the.
cultures of infected erythrocytes were started at the trophozoite stzgz (2},
The initiation of culture at the earlyischizont stage cleaxrly reveals the ad~
vantages of synchronized maturation and reproducibility im metabolic labeling.
On the other hand, we have to accept 10~20Z lysis of mature parasitized cells.
Another disadvantage may be that the radioactive precursors are offerxczd at
a time at which the parasite may not exhibit its maximum metabaolic activity (6};
DS-PAGE and IEF of metabolically laSeled membrane proteines from fnfected

14

erythrocytes revealed label incorporatiom of both 146~amino acids and “C~

mbnosaccharides at molecular weights and iscelectric pointa simflar to those deas~

cribed for parasite-induced components, unique for the kost—~cell membrzne ({).

However, during 16 hr of labeling the infected cells did mot ineccrporate sufficient

quantitiles of l""‘(.Z--metabol:’.tes into both parasite and erythrocyte proteinag to yield

satisfacrory autoradiograms of bidimensional IEF-DS-PAGE 2lectrcpherograms. |
Our data indicate that parasite protein/glycoproteins are traneported to and

incorporated into the host cell membrane. However, for a gore quantitative analysia

.

of these interesting host~parasite relatiomnships the cultivation conddtions for

large scale cultures need to be studied in more detail. 1Im this, most fmportant

i3 the maintenance of synchronfization for at least omne cycle 2licwing zifective

metabolic pulse labeling at different maturation stages of the fimtraerythrocytic

parasites.
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2.2 Subfractionation of purified P, knowlesi schizonts

Intact schizonts are surrcunded by two membranc systems; an cuter layer, the
vacuolar membrane, origingting at least in part from the host-cell membréne and,
inside of this, the parasite plasma membrane {7). Our apprﬁach to this hetero-
geneous system 1s to convert both membranes into small vesicles which could then

be subfrac:ionatg@ En:ovconstituents of the two cellular compartmentz (2).

2.2.1 Procedures

Isolated schizonts (5-10 nuclei) were aurface-l#beled uging lactoperoxi-~
dase-catalyzed radioiodination as cmployed for labeling of plasma membranes £rom
parasitized erythrocytes (3). After appropriate washing, the schizomts were disrupt
by nitrogen decompression (incubation at 600 psi N, for 15 min).

The cell homogenate was concentrated thrae-fold and ladenm onto a dextran gra-~
dient with density steps of 1.05, 1,10, 1.12 anﬁ 1.16. Ultracentrifugation wae for
1.6 - 107 g ° min. Pour bands (Bl-B4) were coilected from the gradient, at the
interphase of each density step, material that remained at the top of the tune
(soluble protein) and particles that pelleted through the 1.16 density barrder.

[lzsI]tadioactivity of each fractioﬁ wag determined; after

The total and specific
twe washing steps in 5 mM 20,, pH 3.0, material from each band was analyzed foi
its protein composition. For this we employed iscelectric focusing in polyacryla~

mide {2) and crossed immune electrophoresis (see section 2.4.3).
2.2.2 Results

As documented in Table 3, only 102 of the label was assoclated wlth soluble
cytoplasmic protein, indicating that most of the schizonts are intact; L.e. 20t
permeablc to molecules of the size of lactoperoxidase. We found that, Band i

(lowest density) exhibited a five-fold higher specific [125

I]lradicactivity than
the intact schizonts and material that concentrated at high density {p ~ 1.16) anst
probably constituting undisrupted parasites. B2 (p n 1.,10) and B3 (p ~ 1.12} have

intermediate specific activities. B3, B4 and the pellet (p > 1.16) contain In-
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cieasing quantities of iron granules indicated by their intense brown color. Ve zu
pect that these granules act as natural demsity pérturbants and therxefore, cause
about 507 of [izsllactivity to non-specifically accumulate at high denafty. The
high specific [12511activity in Bl and.Bz, at densities where small membrane vesi~
cles tend to concentrate suggests that lactopercxidase predominantly ﬁediates
radioiodination of the intact schizonts' surface membranes. Band 3 to Band 4
of the dextran gradient exhibit a different protein composition very similar to
undisrupted schizonts (1, 2). In contrast, maceriai of Bl and B2 resembles the
protein patternvof membranes from parasitized erythrocytes as obtained by IEF
(Fig. 3). This conclusion is further suppsrted by immunochemical analyses (see
section 2.4.3, Fiz. 9A-E).
2.2.3 Comments

The membrares under investigation resemble a natural mosalc of parasite and
host cell components. Therefore, we can only maxe relative aasigomentz concerning
the origin of proteins using most discrimipating fractionation techniquesg in
combiped use with selective labeling and absorption approaches. Beyond some
helpful results cbtained by IEF, analysis of the gradient fractions using CIE yield:
more discrim;nating findings (See section 2.4.3.). Accoxrding to these data Band
2 exhibits the highest concentration of immune component 13, a parasite antigen
exposed on the surface of infected erythroeytes. 32 nay, therafors, zesemble
material of the vacuolar membrane because from experiments using schizonts of
1251 surface-labeled erythrocytes we can exclude that B2 1s contaminated by ery-
throcyte membranes. .

2.3 Fractionation of membrane vesicles using affinity demsitv perturbation

The rationale of this approach is tc purify functionally imtact plasma membrane

vesicles of infected erythrocytes enriched in parasite-specific component:.




L
E | 2.3.1 Procedures

E Unshocked membrane vesicles derived from normal or parasitized etychroc}tea
é . were used. As density perturbant we employed latex spheres (600’5 diameter; 8)
( with a density of 1.32; derivatized with about 50 fluorescein—labeléd BSA mole-
cules and 25-30 imﬁunoglobulin molecules per bead. (The technique was in prin-

% ciple as described in refs. 2 and 8; the number of BSA and IgG molecules/bead was

125

determined by initially using 131I-BSA and 1gG {Table 4). The immunoglobulin (Ig

is purified from hyperimmune fera raised in rabbits against normal monkey erythracyt:

membranes and 1# monkeys against purified schizonts (1, 2). Latex spheres derivatiz
with rabbit or monkey hyperimmune IgG were reacted with membrane vesicles of pormal

monkey erythrocytes and erythrocytes parasitized by P. knowlesi, respectively. The g
specificity of each reaction was established by comparing the reactivity of bezda de

rivatized with hyperimmune IgG vs. the respective non-hypefimmune IgG.

For density perxturbation, ~7 ° 1013 beads were reacted with 1 mg of membrane
protein (unshocked and labeled with 1251, using lactoperoxidase—catalyzed radio-

ibdination) for 16 hrs at 4°C with constant slow stirring. The reaction mixture

was then fractionated into latex beads, membranes and membrane-bead complexes using

~

step gradients of CaCl (20, 25, 30, 35 and 40%, w/w; pd 7.5). The membramez do mot

penetrate the 20% CsCl step whereas the beads concentrate at 357 CaCl. after

Ultracentrifugation at 8 * 106 g * wain, the latex spherzs vere lccalized Ly theis
2
fluorescence and the membranes by determining the 1 5I—distribution {for morz

experimental details see legends of Table 4 and 5}.

Prior tc DS-PAGE, the bead-membrane complexes were washed in 5 =M PO,, -
pH 8.0. The membranes were dissolved in 1% DS/40 mM DIT and the beads remcvea
by ultracentrifugation at 107 g * min., Using DS=-PAGE the protein composicicn of
membranes specifically reacted with latex beads was compared with unreacted mem—

branes and the whole vesicles population.
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2.3.2 Results and Discussion

Preliminary experiments using normal monkey erythrocyte membranes showed that
these membrane vesicles specifically bound to beads derivatized with hyperimmune
IgG (Table 4), At high membrane concenira:ions, about 50% of the beads (hyperimmune

1gG) concentrate at the density of the membranes; this was not the case wien the

membranes were reacted with beads containing normal IgG. At an increased ratio of hea

mg membrane protein {Table 4, B) about 302 of the membrane vesicles bound a sufficien
number of beads to concentrate at the density of beads themselves. Qualitativelyd
similar results have been obtained when membrane vesicles of infected erythrocytes

were reacted with beads deriiatized with monkey anti-schizont IgG (T- e 5). Whereaa

in the control experiments (Table 5, column.2 and 3) only about 1i% <he 1251—
membranes were recovered at the demsity of the latex beads (332 CsCl = ity

1.29) 35% of membranes reacted with "hyperimmune beads" (Table 5, column 1),
Despite the specific density perturbation of v 25% of the erythrocytz membrane
vesicles ¢o 2 high density of 1.29 their membrane proteln composition in comparison
to unreacted membranes revealed only some minor differences in the gquanticative pro-
tein composition. Cme of the reasons for this finding may be that proteinz are ex-~
¢racted {rom the membrane when centrifuged into high concentratlons of CaCl.. We
currently finvestigate this possibility by centrifuging the sphere-membrane com—

plexes in sucrose ox sucrose/Dzo density gradileats.

2.4 Immunochemical analyses of schizonts and membrane components of parasitized

ervythrocytes.

Important candidate antigens that could mediate an effective immune defanse
against P. knowlesi merozoites and intracellular forms of this parasite arz those
veing parasité apééific and expressed on the surface of finfected erythrocytas:

We have employed immunochemical techniques to investigate whether the parasite
specific antigens in the plasma membrane of infected cells (1, 2) are exposed on the

cell surface and whether they are immunogenic in vivo.
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2.4.1 Antisera

Ammonium sulfate precipitated immunoglobulin of two types of antisera was

employed; one serum was railsed in a rhesus monkey immunized and repeatedly hoosted
’

with purified P. knowlesi schizonts in Freund's complete adjuvant, the other serum

was obtained from a rhesus monkey rendered naturally immune against

P. knowlesi during the first infection. Since then, this monkey has bteen challenged

twice with the same strain of P. knowlesi until precipitating antibodies of suffi-

ciently high titer (required for immunochemical reactions) develooed.

2.4,2 Procedures

2.4.2.1 Absorption of antisera

To identify parasite-specific components of the surface of infected erythrocytes

0.1 ml of antiserum was absorbed three times with 2 ° 108 infected cells (schizont

stage, 4-10 nuclei). For each absorption the incubatiou was at 37° and 4°C for
20 min ecach. There was no cell lysis during the absorptioms.

2.4.2.2 Membrane proteins

As an alternative approach to identify antigens on the cell surface, membrasne

)

srotelas/glycoproteins exposed on the surface of parasitized erythrecysies were
2 -

selectively labelled using the lactoperoxidase-catalyzed radiozodimation (2, 3}.

Proteins of purified schizonts and lsolated infected membrazmes were solubilized in

12 Tritoa X~100 as described in (1, 2).

2.4.2.3 Crossed immune electrophoresis

ClE was performed as described earlier (1). ™he identity of antibodies In

different sera was established by electrophoresing the antigens separately into

2ach antibody and in addition, into a mixture of both immunoglobulins (9). In this

system, 3 seléctive decrease in the height of a precipitation arc reprasents presence

of IgG against this antigen in both the antisera (9).
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2.4.3 Results

Immunization of immune competent monkeys (previous data were thained with
sera.of a splenectomized animal; 1) with purified schizonts ylelded a very complex
immune electrophoretic patterm of 24 well defined, dut partially heterogeneous com-~
ponents. The number of precipitation arcs and their relative height is highly re—~
producible when tested against different preparations of schizonts and membranes of
parasizized erythrocytes. Nome of the sera yieided an immunochemical reaction with

wembranes of normal erythrocytes.

Immunoplates of both schizonts and infected membrane reveal numerous preci-
pitation arcs, which, as before (1) are numbered according to their relative mobility
in the first dimension. Although some of the components are found in both parasite
and infected membrane, this cannot be a simple contawination because many components
predominzant in the parasite (e.g. components 2 A, B, 6, 12, 14, 16. 21 and 23) are
absent in the infected membrane. Om the other hand, zs described before (1), there
are coamponents exclusively found in the infected membrane (compoments 13i, 10, 22
and 24). The other antigens can be identified in both schizonts and host cell mem~
branes but in different proportioms (e.g. 1, 3, 4, 5, 16, etc., ref. 1). However,
not all of tﬁése components are accessible on the surface of parasitized erythro-
cytes (see below).

More informatiom about the exposure cof fhese schizont-associated antigernz on
the cell surface has been obtained by absorption of anti=schizont sera with curified
infected cells. When parasite antigens are electrophoresed against the zbsorbed
serum components 1, 23 and one sub-component of antigen 16 (16?) are eliminated.

An unchanged pattern of major components 2, 3, 4, 5, 14, 16A, and 18 suggest that
these antigens are associated with the intracellular parasites. When membranes

of infected membranes are run, components 1, 10, 11, 19 (in part} and 22 are elimi-
nated indicating that they are parasite-induced surface antigens on the parasitized
cells.

The data obtained with absorbed sera are compatible with immunochemical analy-

ses of membranes isolated from surface~labeled cells. Autoradiograms were
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f obtained from immunoplates in which proteins of infected membranes were elec~

! trophoresed against an anti-schizont immunoglcbulin. Only two component:s, antigen
g( 13 and 19, are labeled at a comparably high gpecific activity. Ofie of these com-
& ponents, antigen 13; is precipitated by sera of monkeys naturally immune against

; | P. knowlesi. Another component identified by some such sera is component 1,

b present in both parasite and infected membrane.

Immunochemical analyses did not yield any major differences when schizonts

or infected membranes of two different P. knowlesi strains ‘Malayan and Fhilippine,

both kindly provided by Drs. Miller and Gwadz) and two apparently different vari-
ants of P. knowlesi (this was assumed when the identical monkey was infected in
sequence with the identical batch of inoculum) were tested against an identical
serum. However, these preliminary data suggest that component 13 in the para-
site may carry strain and variant specific antigems.

Subfractions of disrupted schizonts isolated in dextran density gradients (see
section 2.2) were analyzed by CIE using an anti-schizont Ig (Fig. 9A~E). The pre-
cipitation patterns of Bl and B3 (not shown) resemble those documented for B2 and
B4. B2 is highly enriched in components 13 and 19 known to be aszociated with
the erythrocyte membrane (see section 2.2.3).

2.4.4 Discussion

Anti-schizont antisera raised in immune competent rhesus monkszys have pro-
ven to be highly discriminating reagents comparable to the resolution sbttained @y
bidimensional IEF-DS-PAGE. Unfortunately, bidimensional IEF~IE vields cnly a few
precipitation arcs probably due to denaturation of antigen or 2mtibody by 8M urea.

CIE reveals qualitatively similar results to those previocusly obtained by
bidimensional IEF-DS-PAGE (1). Seven schizont-induced antigens are found in mem-
branes of infected cells, four of which are execlusively found in the infected mem-~
brane (1). Only two of the antigens, component 1 and 13, are inducing a humoral
immune respouse in the natural host. Component 13 and component 19 are intensely

labeled in intact cells using lactoperoxidase catalyzed radioiodinationm (this is iuo

. —d
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contrast to data by Deans et al (10) who report on four parasite-induced components

- exposed on the surface of parasitized erythrocytes). Therefore, ccmponent 13 ful-
F(’ fills three features highly relevant to a specific immune response in vivo: (z)

parasite-specificity, (b) exposure on the surface of infected erythrocytes and (c)

immunogenicity in vivo | and (d) possibly expressing strain and/or variant speci-

ficity].
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Table I: Metabolic labelling of P. knowlesi-~
infected monkey erythrocytes ,
Isotope incorporation (cpm)
2

Fractiom 14C-aa2 ) 14c~glc-H32

a3 z3 a3 z3
g2 4.8 + 10° 100 8.0 * 10° 100
nd 7.0 ° 10° 15 5.6 + 105 3
1 3.5 - 106 7.3 6 - 10° 7.5

1) E = infected and normal erythrocytes; IM = membrames of parasiiizad
' erythrocytes; 2 = purified schizonts.

2) l4c_ga = 140 amino acids (from protein hydrolysate) ;
140—g1c—NH2 = Elacl-glucosamine.

3) TA -~ total activity in cpm; 7 distribution.
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Table 2: Relative specific activities of metabolic precursors
in infected membrane and purified schizomts. 4
1l 4 3
140 - aa? lac-glc-Nﬂz 4C--gal2 l‘c—fucz
sa-1dt '
SAP Q.2 0.35 2.5 ' 3.0

1) SA-IM = specific activity (cpm/mg protein) in membranes of parasitized
erythrocytes.

SA-P -~ specific activity (cpm/mg protein) in purified schizonts,

2) .lac-aa « 4c-amino acids (from protein hydrolysate). 14C~glc—N32 = {14C]—

gluccsamine, llacl-gal - [1ac]-galactose; 1l‘c—-fut: = [14C]—fucose.
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Table 3. Subfractionation of purified P. knowlesi schizonts!
- .
Fraction S. A.z’“ ilzslldistribution (2)4
Schizont (intact) ¢.91 + 10° , 100.0
Cytoplasmic proteins 0.59 - 10° 10.0
{£0.03)
813 4.57 + 10° 21.3
(x0.43)
823 2.04 » 10° 9.5
333 1.57  10° 4.6
(£0.18)
B43/Pellet 1.10 - 10% 54.3
(20.1) :
1 Purified intraerythrocytic parasites were{lzslllabeled using lactoperoxidase~

catalyzed radioiodination prior to disruption by nitrogen decompression.

Fractionation was on dextran density gradients.

[\

S. A.: Specific activi:y;'lzsl ¢pm/mg protain. N

3 Band 1 (above 1.05 density step), 2(1.05/1.10 density interface),
3(1.10/1.12 density interface). and 4(1.12/1.16 density interface).

and the peliet penetrating the 1.16 densitcy step.

Data from two independent fractionations (gradients run in duplicate).




' Table 4. Affinity density perturbation of membrane
?( vesicles from rhesus monkey erythrocytes in CsCl density gra:iie'nts.1
Immune 132 Control 132
t! Fraction 1311 (73 125I(Z)3 131173 1251(2)3
A% Membranes 64 49 72 . <1
) Latex spheres 5 34 o<1l 82
{ .
L
g 3% Membranes 45 23 78 3
[ Latex spheres 28 72 <1 73
F ¢
3
1 . 131 .
Unshocked erythrocyte membrane vesicles, [ I]-labeled using lactoperoxidasze--

catalyzed radioiodination were reacied with latex spheres (600 Z diameter)

125

derivatized with fluorescein-conjugated BSA and ["""I]~labeled 1gG. Results

of two independent experiments {gradients run in duplicate).

IgG Srom rabbit immune serum against normal rhesus monkey -
erythrocyte membranes; control IgG from non-immunized rabbits.

+431

Lo

I] distribution in percent of total membrane and bead materisi,
respectively, laden onto the CsCl gradient.

4 7 ¢+ 10!3 peads reacted with 1 mg (A) or 0.3 mg (B) of membrame proteins

for 16 hrs. at 6°C with mild stirring. :




Table 5 /

Affinicy density pacrturbstion of membranes vesicles from PLl. knowlesi-infected rhesus morkey

erythrocytes in CsCl density gradients.

N

Density gradient. Latex spheres(HI) 1y Latex spheres(N) H.+ Latex spheres AmHWH.?

(% CcsCl) MWmm.onmm membranes? w ected Emavnmzmmw mmwﬂww membranes
‘ 1 wﬁlm»mnnwwcn»oshav I-distribution(Z) I-distribution (%)

20 16 20 41
25 45 66 45
30 35 11 11
35 3 3 3
40 L 1 1

100 100 102

18

(= 58.960 cpm) (=60.260 cpm) (=52.140 cpm)

1 Latex spheres (600 8) derivatized with FITC-BSA and monkey immunoglobulin from normal serum (N)
hyperimmune serum againet Pl. knowlesi parasites (6-10 schisont stage), respectively.

2

NmH

Plasma mcmbranes from mormal or P1l. knowlesi-infected monkey erythrocytes. Labeling with 1
by lactoperoxidase-catalysed radiolodination.

- N ‘
.
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Ffigure Legends

Fig'. 1

Fig. 2

Fig. 3
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1IEF of membrane proteins from P. knowlesi-infected monkey erxythrocytes.
’ . .

The proteins and glycoproteins are metabolically labelled in vitro using

l4¢c_amino acids and lac-glucosamine as precursors, respéctively. The

abscissa gives the pH gradient and the crdinates give the activity dis-

14

tribution for = C-amino acids (: ) and 14C-glucosamine (-=-)in cpm

and the absorption for Coomassie blue protein stainlng at 620 mm (- » ~}.

DS-PAG electropherograms of membranme proteiné from P. knowlesi-infected’
monkey erythrocytes. The proteins and glycoproteins are metabolically

labelled with 14C-'amino acids and lac-glucosamine as precursors, resﬁec—
tively. The abscissas give the relative mobility and molecular size and

1 14

the ordinates the distribution of 4C—amino aclids ¢ ) aad ~ C-

glucosamine ( = = - ) and the absorbance for Coomassie blue proteia staining 4

at 620 nm (-~ =),

Isoelectric focusing of puriiied P. knowlesi schizonts, and subfracticns
thereof obtained from a dextran density gradient (see Table 1). Froteins

were dissolved in 1% Triton X-100/0.1% dodecyl sulfate and focused in

-

4% acrylamide gels, containing 27 ampholytes {pH 3.5 - 10.0}, SM urea znd

1% Triton X~-100. The ordinate gives the pH gradient of the gels, ~he

’

abscissa the absorbance (A) for Cocmassie blue staining at 620 nm.

= = = Whole schizonts; 150 ug of protein.

T

Band 1 of dextran gradient (see Table 1); 100 ug of protein.

- < - Band 4 of dextran gradient; 150 ug or protein.
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Figure 3
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